gross and fine motor tasks, a person must be able to maintain his or her center of gravity over the base of support. This postural control must be done by responding quickly and accurately to all internal and external environmental changes. These changes, according to Weisz, can occur under three different conditions: 1) the position of the body can change in space, 2) the position of the extremities can change in relation to the body, or 3) the supporting surface of the body can change.' During functional aaivities, these changes may occur independently or in any combination. This variability creates a variety of condi-tions that one must be able to sense and react to appropriately.
Children with developmental disabilities may have postural instability, which contributes to delayed or deficient motor skill development. It has been documented that children with learning disabilities,2-5 hearing impairment^,".^ cerebral palsy,%lO and mental retardation"-13 have balance deficits.
Bobath has stated that the loss of automatic maintenance of equilibrium causes increased energy expenditure for skilled movement.14 She postulates that the child must volitionally elicit balance reactions rather than depend on them to occur automatically; thus, coordination and efficiency are decreased. The Robath approach to therapeutic exercise (neurodevelopmental therapy) focuses on improving postural control to allow children to develop more skilled movements." Most other current therapeutic exercise methods include exercise to improve postural control.lc17
A review of present assessment methods of balance in standing reveals few standardized, reliable, and comprehensive measures. Common techniques used by physical therapists and occupational therapists are measurement of the number of seconds an individual can maintain a specific static posture (eg, one-foot balance), measurement of the ability to maintain balance dynamically (eg, wallung on a balance beam), and subjective measurement of the maintenance of balance on moveable surfaces (eg, balancing on a tiltboard).
Various tests include standardized procedures for measurement of oneleg standing balance in children 3 to 14 years of age: the Peabody Developmental Motor Scales (PDMS),ls the Bruininks-Oseretsky Test of Motor Proficiency (ROTP),l9 the Test of Motor Impairment (TOMI),Zo the Southern California Sensory Integration Tests (SCSIT)," and the Sensory Integration and Praxis Tests (SIPT). 22 Each test requires children to maintain a variety of standing postures.
These postures include one-leg standing on the floor (eyes open, eyes closed), one-leg standing on the balance beam (eyes open, eyes closed), stork balance (subject stands on one foot and places the sole of the other foot against the side of the supporting knee), and one-leg standing balance on a balance board. When maintaining these postures, the child may be asked to cross the arms, place hands on hips, place arms by the sides, or hold arms straight above the head. Children may or may not be asked to focus on a visual target. Schulmann et a1 found that asking subjects to visually fixate on a stationary target as compared with traclung a moving target resulted in better standing balance performance. 23 Clark and Watkins also examined availability of visual cues and three other different task demands that might affect balance in normally developing 6-to 9-year-old children.24 They found that availability of visual cues, body position, and size of base of support significantly affected the one-leg balance performance in these children. Lastly, they found no significant difference in the amount of time children could stand on the preferred leg as opposed to the nonpreferred leg. The authors suggest that, when constructing new balance tests, test developers should consider all of these variables. 24 Reliability gives information regarding the consistency and stability of a measurement. Systematic error in administration or scoring affects the validity of the data.25 Every test should include a statement regarding its reliability.2"nterrater and test-retest reliabilities, on most current standing balance measures, are either not reported or reported to be low. The PDMS and TOM1 do not report interrater or test-retest scores item-by-item, so reliability cannot be determined for balance activities. ' Standardized methods for objective evaluation of equilibrium when moved on a tiltboard are scarce. Fisher and Bundy have described techniques to objectively measure balance reactions of children on several tiltboard tests.3 They have developed these tests to be functionally related and to examine the three conditions under which the environment changes as described by Weisz.' A determination of the quality of the response was made from photographs at the point of tilt just prior to the subject moving an arm or foot to maintain his or her balance.27 The authors reported high interrater and test-retest reliability for the angle measurement of their tiltboard tip test (n = 37, r = .98).3 However, the measurements taken from the photographs to document the qualitative responses to the tilt by the child were reported as not showing acceptable interrater reliability.3 Concurrent validity has also been documented by testing boys with learning disabilities who show different performances on their tiltboard test as compared with children who are developing normally. 5 The authors found that the tiltboard tests did not correlate with Physical The1 rapyNolume 70, Number 2/February 1990 the one-leg standing balance tests of the SCSIT.5 They hypothesized that each test apparently measured a different aspect of the postural response. Therefore, they recommend using a variety of tests to assess postural stability and thus be able to make more appropriate treatment recommendations.5 'These researchers have contributed greatly to this area in regard to specilic development of an objective and reliable test.3~5~~7 Their testing procedure allows for reliable analysis of the angle-of-tilt measurements, but requires photographic analysis. A quicker method of measurement, if proved reliable, could be valuable for use by clinicians.
Perham et a1 also described a tiltboard test used to document development of lateral equilibrium reactions.28 A tiltboard with stops at 24 degrees of tilt was used for the study. The child's response was rated via photographic analysis and scored according to a three-point scale. These authors report establishment of interrater reliability of speed of tilt (90%) during pilot testing. Analysis of the child's reaction to the tilt was performed by both primary investigators simultaneously with no report of discrepant scores.28 Specific reliabilities of independent ratings of the photographs were not reported.
From this review, it is clear that clinical assessment methods for postural stability are used but not extensively researched. The purpose of this study was to examine the consistency and stability of scores made by physical therapist and occupational therapist observers on measures of one-leg balance and tiltboard balance. Using a sample of normally developing children, the specific research questions addressed were: 1) What are the interrater reliabilities of the one-leg and tiltboard balance measures? and 2) What are the test-retest reliabilities of the one-leg and tiltboard balance measures?
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Subjects
Subjects were 24 children, aged 4 through 9 years, from five Headstart preschool classrooms, a private primary school, and a public elementary school. Descriptions of the study and informed consent forms approved by the University of Washington Human Subjects Committee were distributed to all classrooms having children aged 4 through 9 years. Using stratified random sampling for age and sex, subjects were chosen for the interrater reliability portion of the study so that four children (2 boys, 2 girls) were tested in each of the six age groups (4-year-olds, 5-year-olds, and so on). Twelve children-1 boy and 1 girl from each age groupparticipated in the test-retest reliability portion of the study.
All children except one were without physical, academic, or neurological problems, as documented by a parent questionnaire. One child had a febrile seizure in infancy, but was in a regular classroom. For the interrater reliability portion of the study, 16 of the children were white and 8 were black; for the test-retest reliability portion of the study, 8 of the children were white and 4 were black.
Examiners
Two primary examiners, a pediatric occupational therapist (PKR) and a pediatric physical therapist (SWA) with eight and nine years' experience, respectively, each scored the children's performance on the tests. Both examiners participated in writing the procedures manual. Prior to beginning data collection for the study, both examiners studied the instruction manual and practiced scoring using a videotaped recording of a child being tested. A third person (TKC) and two occupational therapy students participated as a "secondary examiner" to "spot" the child and to indicate hands off hips or eyes open to the primary examiners during the tiltboard test. Prior to data collection, each secondary examiner's test administration performance was rated on a check list. The secondary exarniner was then given feedback on her performance, and the process was repeated until she demonstrated correct procedures related to each item.
Procedure
The primary examiners alternately administered the tests and scored the children's performance. One exarniner positioned and instructed the child for the one-leg balance test and positioned and instructed the child and moved the tiltboard for the tiltboard balance test, while the other primary examiner observed and scored the child's performance. Each examiner tested equal numbers of boys and girls at each age level. Silent stopwatches were used, and no cues regarding scoring were exchanged between primary examiners during the testing. One week after the first test, the examiners each retested one child out of two at each age level for whom they had been primary examiner. Again, each examiner retested equal numbers of boys and girls.
The one-leg balance and tiltboard balance tests were administered in a random order as part of a comprehensive standing balance assessment protocol, which includes the Clinical Test of Sensory Interaction on Balance designed by the authors. This measure is based on Shumway-Cook and Horak's research. 29 The children were also briefly evaluated to ensure that their muscle strength and joint range of motion were within normal limits.
One-leg standlng balance. One-leg balance was tested in both eyes-open and eyes-closed conditions. The subject was barefoot and was positioned 2 ft* from a wall with hands on hips. A visual target was placed on the wall at eye level. The subject was instructed to lift one foot and look at the target. was started as soon as the subject lifted his or her foot. Timing was stopped when the subject touched the free foot to the floor, removed hands from hips, or moved the supporting foot from the original position. Timing also was stopped if, after two warnings, the subject continued to hook the free leg behind the support leg, drop the free leg below 45 degrees of knee flexion, or look away from the visual target. For the eyesclosed one-leg standing balance test, the subject was instructed to lift one foot and, once balance was established, to close the eyes. Timing was started as soon as the subject closed his or her eyes. In addition to the criteria for the eyes-open condition, the criteria for the eyes-closed condition included terminating a trial when a subject opened his or her eyes. After the initial trial on the foot of the child's choice, balance on the opposite foot was scored. This procedure was then repeated so that for both the eyes-open and eyes-closed conditions subjects were scored two times on each foot. The best performance on each foot and in each condition was recorded. There were two reasons why this scoring procedure was followed rather than averaging the two trials. First, a child sometimes has one poor trial, and if the two trials are averaged, the score does not reflect optimal performance. Second, in the clinical setting it is easier to take the highest score rather than to average two scores. In addition to recording the balance time, the examiner recorded the quality of the balance reaction by noting whether the subject used a hip or ankle strategy to maintain balance.30 An ankle strategy was defined as movement to maintain balance that was initiated from the ankle. A hip strategy was defined as movement occurring first at the hip to maintain balance. A child was recorded as using a hip strategy if one was seen at any time during a trial. If the subject maintained balance for three seconds or less, the strategy used could not be determined and was recorded as such on the data form.
Tiltboard balance. Tiltboard balance testing was also administered in the eyes-open and eyes-closed conditions. The subject was positioned with feet together, medial malleoli opposed, on footprints marked in the center of an 18-X 18-inf tiltboard. The tiltboard had angle markers ' 1 in = 2.54 cm.
( Figure) . The subject was instructed to stand with hands on hips and maintain balance as long as possible while the primary examiner alternately tipped the tiltboard slowly to the right or left. A second examiner guarded against falls and watched for any postural adjustments, especially upper extremity movement (ie, hands off hips), that would result in termination of the trial. Other movements that signaled the end of the trial included raising a foot, stepping, o r beginning to fall so as to require support from the secondary examiner. In the eyesclosed condition, the trial also was terminated if the subject opened his or her eyes. Two trials were administered to each side, alternating right and left sides, for both the eyes-open and eyes-closed conditions. The best performance to each side waq recorded. The degree line (in increments of 5") to which the angle marker was closest at the point where the subject made a postural adjustment was recorded, up to the maximum of 60 degrees.
Results
One-Leg Standing Balance
Summary statistics, reliability coefficients, and magnitudes of differences between scores for duration of oneleg standing balance are shown in Tables 1 and 2 for interrater reliability   and Tables 2 and 3 for test-retest reliability. Examination of descriptive data and scatter plots revealed skewed score distributions for most variables. Therefore, Spearman rank-order correlation coefficients were used as indexes of reliability. To supplement these correlations, the percentages of time that the interrater and test-retest scores were within a certain magnitude of difference were calculated.
For interrater reliability, coefficients were high for one-leg standing balance in the eyes-open and eyes-closed conditions, both for right and left feet separately and right and left feet combined (Tab. 1). Wilcoxon matched-pairs signed-rank tests were used to determine whether one rater consistently scored higher than the other.31 No significant differences were found ( p > .05). The magnitudes of difference between scores of the two raters were ICIW (Tab. 2). One hundred percent of the time, the raters' scores were within three seconds of each other. 'Right and left feet combined.
- Table 2 
. Cumulative Percentages for Magnitudes of Dtjierence Between One-Leg Standing Balance Duration Scores for Two Testers and for Test and Retest
Magnitude of Dlfkrence Between Scores (sec)
Interrater ( The reliability of quality measurements made during the one-leg standing balance tests was computed using response-by-response percentages of agreement and Cohen's Kappa statistics. 32 The sample size for the four conditions varied because quality was evaluated only when a child's duration of standing balance exceeded three seconds. Results are presented in Table 4 for interrater agreement and in Table 5 for testretest agreement.
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Tiltboard Balance - In contrast to the interrater analysis, the test-retest correlations and the magnitude of differences for the tiltboard balance test (degrees for right and left directions combined) were poor for both the eyes-open and the eyes-closed conditions (Tabs. 7, 8) .
When the Wilcoxon matched-pairs signed-rank tests were used to check for differences between test and retest, no significant differences were found for the tiltboard test in the eyes-open condition ( p > .05). Howe~~e r , in the eyes-closed condition, children were able to achieve an average of 29.6 degrees more tilt in the retest situation than in the test situation. This difference was significant (z = -2.70,p = .007, two-tailed). 
-
One-Leg Standing Balance
This study suggests that two independent raters can time a one-leg balance test in normally developing children with a high degree of consistency. This high degree of interrater reliability was probably attributable to the clear delineation of instructions for positioning the child and determining when to start and stop timing. These Even though our results showed higher reliability than the SCSIT, there was concern about the lower reliability for the eyes-closed-left-foot test condition. Therefore, reliability was examined by combining right-and left-foot scores for each condition as a means of lengthening the test, a procedure known to increase reliability if all other conditions are held constant.26 As shown in Table 3 , this procedure resulted in a higher level of reliability for the eyes-closed condition (r, = .77). Therefore, for clinical use, it is recommended that right-and left-foot scores be combined.
It shoultl also be noted that although children who are normally developing are able to balance on one leg with eyes open an average of 24 to 25 seconds, they as a group can balance on one leg with eyes closed an average of only 6 to 7 seconds. This clustering of the subjects' scores at the low end of the scale by normally developling children may indicate that the eyes-closed test will not be sensitive to differences between normally and abnormally developing children.
Until further testing with children - who have balance difficulties is completed, clinicians should be guarded about interpreting eyes-closed-oneleg balance testing results.
Results from the examination of interrater reliability of quality of one-leg standing balance were inconclusive. Although the response-by-response percentages of agreement between two raters for three of the measurements (right foot-eyes open, left footeyes open, right foot-eyes closed) were moderate to high, these results should be viewed with caution because a large majority of children were rated as using an ankle strategy.
In the fourth condition, where the ratings were distributed more evenly between the two categories, the Physical TherapyNolume 70, Number 2Rebruary 1990 response-by-response percentage of agreement failed to reach acceptable levels. Kappa, a "chance corrected per cent agreement measure with a statistical base,"32(~310) also was used to assess agreement between raters. In all cases, these values were low, indicating that more research is necessary prior to use of the quality rating. Definition of a hip strategy is fairly simple, but quick, subtle hip strategies can be observed by one examiner and easily missed by the other. Videotape analysis of the quality may be necessary for determinations of subtle changes.
Tiltboard Balance
For the tiltboard balance measure, interrater reliabilities (correlation coefficients and magnitudes of difference between scores) were very good for both the eyes-open and eyesclosed conditions. Again, this high reliability is likely attributable to the explicit test administration instructions and the simplicity of the measurement system. Also, because of the use of a secondary examiner to spot the child and to observe and report upper body reasons for terminating the trial, the primary examiner can focus directly on observing degrees of tilt. In addition, the use of the second- 
Conclusions
Within the development of more comprehensive and reliable testing procedures for evaluation of postural stability, 24 normally developing children were given two tests of balance: a one-leg standing balance test (eyes open and eyes closed) and a tiltboard balance test (eyes open and eyes closed). Interrater and test-retest reliability were calculated and found to be moderate to high for the timing of one-leg standing but low for the quality assessment. Interrater reliability was high for the tiltboard test, but test-retest reliability was low. As a result of these findings, clinicians should recognize that they can have little confidence in the stability of quality scores and tiltboard degrees of tilt scores. Further study is needed to better define quality measures and to determine whether controlling for speed of tilt and increasing the number of trials will improve the tiltboard test-retest reliability. Kesearch also should be directed at determining test reliabilities for populations of children with balance difficulties and for examiners who only read the manual prior to testing.
